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XL ObJ'er vat ions and Experiments on the' Light of Bodies in a 
State of Combufiipn. By the Rev. Mr. Morgan ; Communicated 
by the Rev. Richard Pride, LL.D, F.R.S. 


Read January 27, 1785, 

T ^HE difcufilon which I how wifh today before the Royal 
Society is nothing more than a feries of fadts, and of 
conclusions which feem to flow from thofe fadts, and from an 
attention to the following data. 

I. That light is a body, and like all other bodies fubjedt to 
the laws of attraction. 

II. That light is an heterogeneous body, and that the lame 
attractive power operates with different degrees of force on its 
different parts. 

III. That the light which efcapes from combuftibles when 
decomposed by heat, or by any other means, was, previous to 
its efcape, a component part of thofe fubftances. 

It is an obvious conclufion from thefe data, that when, 
the attractive force, by which the Several rays of light 
are attached to a body, is weakened, fome of thofe rays will 

efcape 
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efcape fooner than others. Thofe which are united with theleaft 
degree of power will efcape fir ft, and thofe which adhere to it 
mo ft ftrongly will (if I may be allowed the expreffion) be the 
laft to quit their bafis. We may here have recourfe to a familiar 
fa£t, which is analogous to this, and will illuftrate it. 
If a mixture, confifting of equal parts of water, of fpirits 
of wine, and of other more fixed bodies, be placed over 
a fire; the firft influence of that heat, to which all the in¬ 
gredients are alike expofed, will carry off the fpirits of 
wine only. The next will carry off the fpirits of wine 
blended with particles of water. A ftill greater degree of 
heat will blend • with the vapour which efcapes a part of 
the more fixed bodies, , till at length what evaporates will be a 
mixture of all the ingredients which were at firft expofed to 
the fire. In like manner, when the furface of a combuftible is 
inaftate of decompofition, thofe parts which are the leaft fixed, 
or which are united to it with the leaft force, will be feparated 
firft. Amongft thefe the indigo rays of light will make the 
earlieft appearance. By increafing the heat we fhall mix the 
violet with the indigo. By increafing it ftill more we fhall add 
the blue and the green to the mixture, till at length we reach 
that intenfity of heat which will caufe all the rays to efcape 
at the fame inftant, and make the flame of a combuftible 
perfectly white. It is not my prefent defign to fhew why 
the moft refrangible rays are the firft which efcape from a 
burning body, but to enumerate the feveral fa<fts which feem to 
fhew, that fuch a general law takes place in combuftion; and 
that the various colours of bodies in this ftate are uniformly 
regulated by that decreafe of attractive force now deferibed. 
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By examining the flame of a common candle we may ob« 
ferve, that its loweft extremities, or the part in which the black 
colour of the wick terminates, difcharges the ieaft heat; and 
that, as the vertex of the flame is approached, a fucceflive order 
of parts is paffed'through, in which the loweft is continually 
adding to the heat of what is juft above it, till we come to 
the top of the flame, near which all the heat is'colledted into a 
focus. At the loweft extremity, however, where the heat is 
inconfiderable, a Blue colour may be always obferved ; and 
from this appearance, amongft others. It may, I think, be 
fafely concluded, that the blue rays are fome of thofe which 
efcape from conibuftibles in an early period of their decompo- 
fition; and that if the decompofition could be examined in a 
period ftill more early, ..the colour of their flame would be 
violet. By an a priori deduction of this kind, I was led to 
watch the appearances of a candle more attentively; whence I 
found that to the external boundary of a common candle 
is annexed a filament of light, which, if proper care be 
taken to prevent the efcape of too much fmoke, will appear 
moft beautifully coloured with the violet and indigo rays. To 
the .preceding inftance of a common candle many fadts may 
be added, which fpea-k a flmilar language. If fulphur or 
aether is burned, or any of thofe combuftibles whole 
vapour is kindled in a fmall degree of heat, a blue flame 
will appear,. which, if examined by the prifm, will be found 
to confift of the violet, the indigo, the blue, and fometimes a 
fmall quantity of the green rays. The beft mode, however, 
of fhewing the efcape of fome rays by that degree of heat 
which will not feparate others t ill increafed, is the following. 
CJive a piece of brown paper a fpherical form, by prefling it 

upon 
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upon any hard globular fubftance. Gradually bring the paper, 
thus formed, to that diftance from the candle at which it will be¬ 
gin to take fire. In this cafe a beautiful blue flame may be feen, 
hanging as it were by the paper till a hole is made in it, when 
the flame, owing to the increafed aftion of the air upon all 
parts of it, becomes white, though the edges ftill continue of 
a blue or violet colour. As a confirmation of what I have 
concluded from the preceding faffs, it may be obferved, that 
the very flame which, when expofed to a certain degree of 
heat, emitted the moft refrangible rays only, will, if expofed 
to a greater degree of heat, emit fuch as are lefs refrangible. 
The flames of fulphur, fpirits of wine, See. when fuddenly 
expofed to the heat of a reverberatory, change their blue ap¬ 
pearance for that which is perfectly white. But to gain a 
more ftriking diverfity of this faff, I adopted Mr. Melvill’s 
mode of examining bodies whilft on fire. I darkened my 
room, and placed between my eye and the combuftible a fheet 
of pafteboard, in the center of which 1 made a fmall perfora¬ 
tion. As the light of the burning body efcaped through this 
perforation, I examined it with a prifm, and obferved the fol¬ 
lowing appearances. When the fpirits of wine were fet on 
fire, all the rays appeared m the perforation.; but the violet, 
the blue, and the green, in the greateft abundance. When 
the combuftion of the fpirits was checked by throwing fome 
fal ammoniac into the mixture, the red rays difappeared; but 
when, by the long continuance of the flame, the fal ammoniac 
was rendered fo hot as to increafe, rather than diminifti the 
•combuftion, the red rays again appeared at the perforation. If 
♦the fereen was managed fo that the different parts of the 
flame might be examined feparately, I always obferved that 
¥ol. LXXV. C c the 
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the colours varied according to the degree of heat. At 
the bafe of the flame, or where the heat was leafl, the in* 
digo, the violet, and a very fmall tinge of the blue and 
green appeared. As I approached the vertex of the flame, 
the rays which efcaped became more and more numerous 
till I reached the top, when all the rays appeared im the 
prifm. It fhould be attended to, that when the red rays firft 
made their appearance, their quantity was fmally and gradually 
increafed as the eye in its examination approached that part; 
where the heat was greateft. Mr. Melvile., when he made 
fome of the preceding experiments, obferved, that the yellow 
rays frequently efcaped in the greateft abundance; hufethis An¬ 
gularity proceeded from fome circumftances which efcaped his- 
■attention. In confequenee of mixing acids or falts with the 
burning fpirits, a very denfe fume of unignited particles arifes, 
and before the rays of the burning body arrive at the perfora¬ 
tion where the prifm catches them, they mud: pafs through a 
medium which will abforb a great part of the indigo and the 
violet. On the other hand, owing to the imperfection of the 
decompofition, very few of the red rays are feparated riom their; 
bafis, and confequently the yellow and the orange rays-are 
thofe alone which pafs through the unburst fmoke of the 
flame. 

I would now proceed with obferving, that* befidesthe in* 
creafe or decreafe of heat, there are other modes of retarding 
or accelerating the combuftion of bodies, by which alfo may 
be examined fome of the preceding illufhations. 

i. A candle burns molt rapidly and brilliantly in dephlo- 
giflicated air. 


a. The 
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The blue colour of a fulphureous flame in puce air is 
changed into a dazzling white. 

3, The flame of inflammable air, when mixed with ni¬ 
trous air, is green. It is white ftrongly tinged with the indigo 
and violet whe n mixed- with common air; but when mixed 
with dephlogiflicated air, or furrounded by it, the brilliancy 
of its flame is moft Angularly beautiful, 

If the. preceding fads prove that light, as an heterogeneous 
hody, is gradually decompofed during combuftion; if they 
prove, iikewife, that the indigo rays efcape with the leaft heat, 
and the red with the greateft; I think we may rationally ac¬ 
count for feveral Angularities in the colours of different flames. 
If a piece of paper, impregnated with a folution of copper in 
the nitrous acid, be fet on fire, the bottom and fides of the 
flame are always tinged with green. Now this flame is evi¬ 
dently in that weak ftate of decompofition, in which the moft 
refrangible rays efcape in the greateft abundance; but of thefe 
rays the green efcape moft plentifully through the unignited 
vapour and that portion of the atmpfphere which Separates the 
eye from the flame. The peculiarity which I have now endea¬ 
voured to account for may be observed in the greateft perfection 
in brafs founderies. The heat in this iuftance, though very 
ftrong, is fcarcely adequate to the decompofition of the metallic 
vapour which efcapes from the melted brafs, A very Angular 
flame therefore appears to the eye; for while its edges are green, 
its body is fuch as to give the objefts around a very pallid or 
ghaftly appearance, which is the confequence of its wanting 
that portion ©f eed rays which is necefiary to make a perfect 
white. 


c a 
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The moft Angular phenomenon attending a burning body 
is, perhaps, the red appearance it afium'es in its laft ftage of 
combuftion. The preceding fadts and obfervations may,.. I 
think, help us to explain it. 

1. After a body has continued to burn for fbme time, its- 
external furface is to be regarded as having loft a great,portion# 
if not the whole of thofe rays which the firft application of# 
heat was able to feparate. But thefe rays were the indigo, the 
violet, the blue, and perhaps the green. Nothing, therefore, will 
remain to befeparated, but the yellow, the orange, and the red* 
Confequently, the combuftion of the body, in its laft ftate of de~ 
compofition, can aflume no other than a reddifh appearance. But .' 

2. Let us confider the external furface of the combuftible. 
as annexed to an inner furface, which may be partly, but .not lb; 
perfectly decompofed as itfelf: for the violence ©f the heat will; 
be found to leffen in its effedts the nearer it approaches to the. 
center of the fubftance which is expofedto it; Hence we. are. 
to confider the parts which are juft covered by the external fur¬ 
face as having loft-lefts- of their component light than the exter¬ 
nal furface itfelf. Or the former may retain the green rays- 
when the latter has loft both indigo, violet, blue, and green. 

3. Thofe parts which are nearer the center; of the body 
than either of the preceding muft, as they are further from, 
the greateft violence of the heat, have loft proportionably 
fewer of their rays. ®r while the more, external parts may 
have loft all but the red,', thefe may have- loft only, the indiga 
and violet. 

4. The moft central parts may be unaffeifted by the heat 4 
and whenever the fire does reach thefe parts, they will imme,- 
diately difcharge their indigo rays, and be decompofed in the 

gradual 
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gradual manner which I have already defcribed. A piece of 
rotten wood, whilft burning, will exemplify and confirm the 
preceding illuftration. When influenced by the external air 
only, if examined through a prifm, no rays will be found to- 
efcape but the orange and the red. By blowing upon the 
burning wood with a pair of bellows, the combuftion, 
being increafed, will affeCt thofe internal parts of the body 
which were not aCted upon before. Thefe parts, therefore, 
will begin to lofe their light, and a prifm will fhew the 
green, the blue, the violet* and indigo, all appearing in fuc- 
oeffion. Appearances fimilar to the preceding may be ob~ 
ferved in a common kitchen fire. When it is fainteft, its 
colour is moft red, the other rays having been emitted, and 
the combuftion at a ftand? but by blowing upon it in this 
ftate, its brightnefs will be increafed, and more and more of 
the rays which are yielded by the internal parts of the body 
will come to the eye, till at length, by continuing to blow, the 
combuftion will be made fo complete as to yield all the rays, 
or to make it appear perfectly white. 

Many are the varieties difcoverable in the flames and in the 
appearances of fixed burning bodies to which the preceding 
obfervations may be applied ; but, to avoid unneceflary amplifi¬ 
cation I will take notice only of what appears to me an imper¬ 
fection, in Sir Isaac Newton’s definition of flame. He con¬ 
jectures, that it may be a vapour heated red-hot. I think I 
fhould rather fay, that flame is an inftance of combuftion 
whofe colour will be determined by the degree of decompofi- 
tion which takes place. If it be very imperfect, the moft 
refrangible rays only will appear. If it be very perfect, all 
the rays will appear, and its flame will- be brilliant hi 

proportion 
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proportion to this perfection. There are flames, however, 
which confift of burning particles, whofe rays have partly 
efcaped before they afcended in the form of vapour. Such 
would be the flame of a red-hot coal, if expofed to fuch a heat 
as would gradually difperfe it into vapour. When the fire is 
very low under the furnace of an iron foundery, at the upper 
orifice of the chimney a red flame of this kind may be feen, 
which is different from the flame that appears immediately after 
frefh coals have been thrown upon the fire; for, in confe- 
quence of adding fuch a fupply to the burning fuel, a vaft 
column of fmoke afcends, and forms a medium fo thick as t® 
abforb moft of the rays excepting the red. 


Experiments on eledirk light . 

If we would wifh to procure any degree of certainty In any 
hypothefis which we may form concerning electrical light, 
perhaps the following general deductions may be of fame fer- 
vice to us. 

i. There is no fluid or folid body in its paflage through 
which the eleCtric fluid may not be made luminous. In water, 
fpirits, oil, animal fluids of all kinds., the difcharge of a Ley¬ 
den phial of almofl: any -fize will appear very fplendid, pro¬ 
vided we take care to ^place them in the circuit, fo that the 
fluid may not pafs through too great a quantity of them. My 
general method is to place :the fluid, on which I mean to make 
the experiment, in a tube three-quarters of an inch In diameter, 
and four inches long. ® flop up the orifices of the tube with 
two corks, through which I pufh two pointed wires, fo that the 
points may approach within one-eighth of an inch to each 
2 other. 
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either. The fluid in paffing through the interval which fepa- 
rates the wires is always luminous, if a force? be ufed fuffi- 
eiently itrong. I fliould obferve, that the glafs tube, if not 
very thick, always breaks when this experiment fucceeds. To 
make the paflage of the fluid luminous in the acids, they muft 
he placed in capillary tubes* and two wires introduced, as in 
the preceding experiment, whofe points (hall be very near each 
other. It is a well known faeh that the difeharge of a fmall 
Leyden phial in paffing over a ftrip of gpld|s filver, or iDutch 
metal leaf*. will appearveryriuminous;- By conveying the con¬ 
tents of a jarrmealuringtwo gallons, over a {trip of gold leaf 
one-eighth of am inch in ; diameter, and a yard long, I have 
frequently given the whole a dazzling brightnefs-. I cannot 
fay, that a much greater length might not have been made 
very fplendid, nor can 1; determine to what length the 
force of a battery might be made luminous in this manner. 
We may give this experiment a curious diverfity, by laying 
the gold or filver leaf on a piece of glafs, and then placing the 
glafs in water; for the whole gold leaf will appear moil bril¬ 
liantly luminous in the water-by expofing it, thus circum* 
ftanced, to the explofion of a battery. 

z. The difficulty of making any quantity of the electrical 
fluid luminous in any body increafes-as the conducting power 
of that* body increafes.- 

exp. ii In order to make the contents of a jar luminous 
an boiling water,a much higher charge is neceflary than would 
be fufficient to make it luminous in cold-watery which is uni- 
verfally allowed to be the worft conductor.. 

exp. H. I have various reafons for believing the acids to 
be very good conductors.- If therefore into a tube, filled with 
water, and circumftanced as I haye already defcribed, a few 

drops 
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drops of either of the mineral acids are poured, it will be 
almoft impoffible to make the fluid luminous in its paflage 
through the tube. 

exp. in. If a firing % whofe diameter is one-eighth of an 
inch and whofe length is fix or eight inches, is moiflened. with, 
water, the contents of a jar will pals through it luminoufly, 
but no fuch appearance can be produced by any charge of the 
fame jar, provided the fame firing be moiflened with one of 
ithe mineral acids. To the preceding infiance we may add 
■the various inftances of metals which will conduct the ele&ri- 
cal fluid without any appearance of light, in circumftanees 
the fame with thofe in which the fame force would have ap- 
.peared luminous in palling through other bodies whofe con¬ 
ducting power is lefs. But I proceed to obferve, 

III. That the eale with which the electrical fluid is rendered 
luminous in any particular body -is uncreated by increafing 
the rarity of the body. The appearance of a fpark or of 
the difcharge of a Leyden phial, in rarefied air is well known. 
But we need not reft the truth of the preceding obfervation on 
the feveral varieties of this faCt; fimilar phenomena attend the 
rarefaCtion of aether, of fpirits of wine, and of water. 

exp. iv. Into the orifice of a,tube, 48 inches long, and two- 
thirds of an inch in diameter, I cemented an iron ball, fo as to 
bear the weight which preflfed upon it when I filled the tube 
with quickfilver, leaving only an interval at the open end, 
which contained a Tew drops of water. Having inverted the 
tube, and plunged the open end of it into a bafon of mercury, 
the mercury in the tube flood nearly half an inch lower than it 

* The thicknefs and diameter of the firing fhould be regulated by the force we 
.•employ. 

did 
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did in a barometer at the fame inftant, owing to the vapour 
which was formed by the water. But through this rarefied wa¬ 
ter the electrical fpark palled as luminoufly as it does through 
air equally rarefied. 

exp. v. If, inftead of water, a few drops of fpirits of wine are 
placed on the furface of the mercury, phenomena fimilar to 
thofe of the preceding experiment will be difcovered, with 
this difference only, that as the vapour in this cafe is more 
denfe, the eleCtrical fpark in its palfage through it is not quite 
fo luminous as it is in the vapour of water. 

exp. vi. Good aether fubftituted in the room of the fpirits 
of wine will prefs the mercury down fo low as the height of 
16 or 17 inches. The electrical fluid in palling through this 
vapour (unlefs the force be very great indeed) is fcarcely lumi¬ 
nous. But if the prefl’ure on the furface of the mercury in the 
bafon be gradually lelfened by the aid of an air-pump, the va¬ 
pour will become more and more rare, and the eleCtric fpark in 
palling through it more and more luminous. 

exp. vii. I could not difcover that any vapour efcaped from 
the mineral acids when expofed in vacuo. To give them* 
therefore, greater rarity or tenuity, I found different methods 
neceflary. With a fine camel-hair pencil, dipped in the vi¬ 
triolic, the nitrous, or the marine acid, I drew upon a piece of 
glafs a line about one-eighth of an inch broad. In fome al¬ 
liances I extended this line to the length of 27 inches, and 
found that the contents of an eleCtric battery , confifting of 10 
pint phials coated, would pafs over the whole length of this 
line with the greateft brilliancy. If by widening the line, or 
by laying on a drop of the acid, its quantity was increafed 
in any particular part, the charge, in palling through that part, 
never appeared luminous. Water, fpirits of wine, circum- 
Vql. LXXV. D d ftanced 
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ftanced Similarly to the acids in the preceding experiment,, 
were attended with Similar, but not equal effects, becaufe, in 
confequence of the inferiority of their conducing power, it was 
neceffary to make the line through which the charge pafled 
considerably Shorter. 

4. The brilliancy or fplendor of the ele&ric fluid in its- 
paflage through any body is always increafed by leflening the 
dimensions of that body. I would explain my meaning by fay¬ 
ing, that a lpark, or the difeharge of a battery which we might 
fuppoie equal to a fphere one quarter of an inch in diameter,, 
would appear much more brilliant if the fame quantity of fluid 
is comprefled into a fphere one-eighth of an inch in diameter. 
This obfervation is the obvious confequenceof many known fads. 
If the machine be large enough to afford a fpark whole length 
is nine or ten inches, this fpark may be feen fometimes forming 
itfelf into a brufh, in which ffate it occupies more room, but ap¬ 
pears very faintly luminous. At other times the fame fpark may 
be feen dividing itfelf into a variety of ramifications which Shoot 
into the furrounding air. In. this cafe, likewife, the fluid is 
diffufed over a large fui face, and in proportion to-the extent of 
that fur face. So is the faintnefs of the appearance. A Spark,, 
which in the open air cannot exceed one quarter of an inch in¬ 
diameter, will appear to fill the whole of an exhauSfed receiver 
four inches wide and eight indies long. But in the former 
cafe it is brilliant, and in the latter it grows fainter and fainter 
as the Size of the- receiver increafes.. To prove the obfervation* 
which I think may be jollified by the preceding fafts, I madb 
the following experiments. 

exp. vrii. To an in Tula ted ball, four inches in diameter, I 
fixed a Silver thread, about four yards long. This thread, at 
the end which was remoteft from the ball, was fixed to another 
5 infulated 
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infulated fubftance. I brought the ball within the {hiking 
diffance of my conductor, and the fpark in palling from the con¬ 
ductor to the ball appeared very brilliant; but the whole length 
of the fiver thread appeared faintly luminous at the fame in- 
Ilant. In other words, when the fpark was confined within 
the dimenfions of a fphere one-eighth of an inch in diameter, 
it was bright, but, when diffufed over the furface of air which 
received it from the thread, its light became fo faint as to be 
feen only in a dark room. If I leffened the furface of air 
which, received the fpark by fhortening the thread, 1 never 
failed to increafe the brightnefs of the appearance. 

exp. ix. To prove that the faintnefs of the eleftric light in 
vacuo depends on the enlarged dimenfions of the fpace through 
which it is diffufed, we have nothing more to do than to in¬ 
troduce two pointed wires into the vacuum, fo that the fluid 
may pafs from the point of the one to the point of the other, 
when the diflance between them is not more than the one-tenth 
of an inch. In this cafe we fhall find a brilliancy as great as, 
in the open air. 

exp. x. Into a Torricellian vacuum, 36 inches in length, I 
conveyed as much air as would have filled two inches only of the 
exhaufled tube, if it were inverted in water. This quantity of 
air afforded refiflance enough to condenfe the fluid as it pafled 
through the tube into a fpark 38 inches in length. The bril¬ 
liancy of the fpark in condenfed air, in water, and in all fub- 
{lances through which it paffes with difficulty, depends on 
principles fimilar to thofe which account for the preceding faffs, 
I would now proceed to fhew, 

5. That in the appearances of eledlricity, as well as in thofe 
of burning bodies, there are cafes in which, all the rays of light 
do not efcape; and that the moft refrangible rays are thofe 

D da which 
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which efcape fir ft or moft eafily. The ele&rical brufh is 
always of a purple or bluifh hue. If you convey a fpark 
through a Torricellian vacuum, made * ivithont boiling the 
mercury in the tube, the brufh will difplay the indigo rays. 
The fpark, however, may be divided and weakened even in 
the open air, fo as to yield the moft refrangible rays only. 

exp. xi. To an infulated metallic ball, four inches in dia¬ 
meter, I fixed a wire a foot and a half long. This wire termi¬ 
nated in four ramifications, each of which was fixed to a 
metallic ball half an inch in diameter, and placed at an 
equal distance from a metallic plate, which communicated by 
metallic conductors with the ground. A powerful fpark, after 
falling on the large ball at one extremity of the wire, was 
divided in its paftage from the four fmall balls to the metallic 
plate. When I examined this divifion of the fluid in a dark 
room, I difcovered feme little ramifications which yielded the 
indigo rays only: indeed, at the edges of all weak fparks the 
fame purple appearance may be difcovered. We may likewife 
obferve, that the nearer we approach the center of the fpark, 
the greater is the brilliancy of its colour. But I would now 
wifh to fhew 

6. That the influence of different media on eleClrical light 
is analogous to their influence on folar light, and will help us 
to account for fome very Angular appearances. 

exp .xii. Let a pointed wire, having a metallic ball fixed to one 
of its extremities, be forced obliquely into a piece of wood, fo as 
to make a fmall angle with the furface of the wood, and to make 

* If the Torricellian vacuum is made with mercury perfectly purged of air, it 
becomes a perfect non-condu£tor« This, I believe, will be proved decilively by 
f^me experiments which I hope will be foon communicated to the Royal Society. 

Dr, Price, 

the 
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the point lie about one-eighth of an inch below the furface. 
Let another pointed wire, which communicates with the ground, 
be forced in the fame manner into the fame wood, fo that 
its point likewife may lie about one-eighth of an inch below 
the furface, and about two inches diftant from the point of 
the firft wire. Let the wood be infulated, and a ftrong fpark 
which ftrikes on the metallic ball will force its paflage through 
the interval of wood which lies between the points, and appear 
as red as blood.. To prove that this appearance depends on the 
wood’s abforption of all the rays but the red, I would obferve, 
that the greater the depth of the points is below the furface, the 
lefs mixed are the red rays. I have been able fometimes, by in- 
creafing or diminilhing the depth of the points, to give the 
fpark the following fucceffion of colours. When they were 
deepeft below the furface, the red only came to the eye through 
a prifm. When they were raifed a little nearer the furface, 
the red and orange appeared. When nearer hill, the yellow ; 
and fo on till, by making the fpark pafs through the wood very, 
near its furface, all the rays were at length able to reach the 
eye. If the points be only one-eighth of an inch below the. 
furface of foft deal wood, the red, the orange, and the yel¬ 
low rays will appear as the fpark pafies through it. But when 
the points are at an equal depth in a harder piece of wood (fuch 
as box) the yellow, and perhaps the orange, will difappear. As 
a farther proof that the phenomena I am defcribing are owing to 
the interpolation of the wood, as a medium which ablorbs fome 
of the rays and fuffers others to efcape, it may be obferved, that, 
when the fpark ftrikes very brilliantly on one fide of the piece 
of deal, on the other fide it will appear very red. In like man¬ 
ner a red appearance may be given to a fpark which ftrikes 

brilliantly 
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brilliantly over the infide of a tube, merely by fpreading fome 
pitch very thinly over the outfide of the fame tube. 

exp. xni. I would now give another fadt, whofe Angulari¬ 
ties depend very much on the influence of the medium through 
which the eledtrical light is made to pafs. If into a Torricel¬ 
lian vacuum, of any length, a few drops of aether are conveyed, 
and both ends of the vacuum are flopped up with metallic con¬ 
ductors, fo that a fpark may pafs through it, the fpark in its 
paffage will affume the following appearances. When the eye 
is placed clofe to the tube, the fpark will appear perfectly 
white. If the eye is removed to the diftance of two yards, it 
will appear green ; but at the diftance of fix or feven yards, 
the colour of the fpark will be reddifh. Thefe changes evi¬ 
dently depend on the quantity of medium through which the 
the light pafles; and the red light more particularly, which 
we fee at the greateft diftance from the tube, is accounted for 
on the fame principle as the red light of a diftant candle or a 
beclouded fun. 

exp. xiv. Dr. Priestley long ago obferved the red ap¬ 
pearance of the fpark when pafling through inflammable air. 
But this appearance is very much diverfified by the quantity of 
medium, through which you look at the fpark. When at a 
very confiderable diftance, the red comes to the eye unmixed; 
but, if the eye is placed clofe to the tube, the fpark appears 
white and brilliant. In confirmation, however, of fome of 
my conclufions, I would obferve, that by increafing the 
quantity of fluid which is conveyed through any portion 
of inflammable air, or by condenfing that air, the fpark may 
be entirely deprived of its red appearance, and made perfectly 
brilliant. I have only to add, that all weak explofions and 
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fparks, when viewed at a diflance, bear a reddifh hue. Such 
are the explofions which have palled through water, fpirits of 
wine, or any bad conductor, when confined in a tube whofe 
diameter is not more than an inch. The reafon of thefe 
appearances feerns to be, that the weaker the (park or explofion 
is, the lefis is the light which efcapes; and the more vifible 
the effeCt of any medium which has a power toabforb fome of 
that light. 

The preceding observations concerning eleCfrical light were- 
the refult of my attempts to arrange, under general heads,, 
the principal Angularities attending it. They may, perhaps,, 
affifi others in determining how far they may have led my mind 
a (fray in giving birth to a> theory which I would now briefly 
defcribe in a few queries. 

I. If we confider all bodies as compound's, whofe confHtuent 
parts are-kept together by attracting one another with different 
forces, can we avoid concluding, that the operations of that 
attractive force are regulated, not only by the quality, but the 
quantity likewife of thofe component parts ? If an union of a 
certain number of one kind of particles, with a certain num¬ 
ber of a fecond and third kind ©f particles, forms a particular- 
body, muff not the bond 1 which keeps that body together be 
weakened or fbengthened by increafing or diminidling any one 
©f the diflerent kinds of particles- which enter into its conffh- 
tution l 

II. When, to the natural fhare of the eleCfric fluid al¬ 
ready <exiffing in the body, a frefh quantity of the fame 
fluid is added, muff not fome of the. component parts of that 
body eficape; or muff not that attraCfive force which kept all' 
together be fo far weakened as to let loofe Some eonffituent 

parts*, 
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parts', and amongft thefe the particles of light in parti¬ 
cular ? 

III. Muft not this reparation. of parts be great in proportion 
to the quantity of extraneous particles which are added to the 
body ? Or (agreeable to the 4th obfervation) mu ft not the 
fpark be more fplendid and brilliant, the more the eledtrical 
fluid is concentered in any given fpace ? 

IV. In the diminution or alteration of that attra&ive force on 
which depends the conftitution of bodies, may there not be a 
gradation which, in the prefent cafe, as well as in that of 
burning bodies, will caufe the efcape of fome rays fooner than 
others ? 


Obfervations on phofphoric light, 

It is obvious, from Mr. B. Wilson’s experiments, that 
there are many curious diverftties in the appearances of phof- 
phori. Some fhells, prepared agreeably to his directions, after 
expofure to the fun or to the flalh of a battery, emit a purple, 
others a green, and others a reddifh light. If with Mr. Wil¬ 
son we fuppofe, that thefe fhells are in a ftate of flow com- 
buftion, may we not conclude, that fome are juft beginning to 
burn, and therefore, agreeably to what I have obferved on com- 
buftible bodies, emitting the moft refrangible rays; whilft others 
are in a more advanced ftate of combuftion, and therefore 
emitting the leaft refrangible. If this conclufion he right, 
the fhells which are emitting the purple, or the green, muft 
ftill retain the yellow, the orange, and the red, which will 
alfo make their appearance as foon as the combuftion is fuffi- 
ciently increafed. 
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exp. xv. Place a ihell whilft emitting its green rays on a 
warm fhovel, and the appearance of the fhell will be foon 
changed into that of a yellow mixed with red. ToMr.Wii- 
son’s theory, however, of flow combuftion the following ob¬ 
jections may be oppofed. 

i°. If phofphoric fhells owe their light to this caufe, we 
rnuft coniider the word combuftion when applied to them as 
implying in its fignification all thofe circumftances which are 
the ufual attendants of a body whilft on fire. Amongft other 
neceflary coniequences in fuch a cafe, the increafe of heat rnuft 
increafe the decomposition of the combuflihle; whereas we 
difcover an effed: the very oppofite to this in the appearance of 
a phofphoric body, which never fails , to lofe its light entirely 
in a certain degree of heat, without lofing the power of be¬ 
coming phofphoric again when it has been fufficiently cooled, 
Befides, when a phofphoric fhell has been made very hot, and 
while it has continued fo, I have conveyed the moft brilliant 
difcharge of a battery over it without effeCt. In other words, 
heat, or the very caufe which promotes combuftion in all other 
inftances, in this particular cafe puts an end to it. Mr. Wil¬ 
son, in his Treatife on Phofphori, has dtfcribed an experiment 
fimilar to the preceding. But the refult he mentions is different 
from that here mentioned. However, from a regard to his 
authority, I have fo frequently repeated my trials that I cannot 
juftly fufpeCt myfelf of any inaccuracy. 2 0 . When bodies 
are wafted by combuftion, they can never be made to re-aflume 
the appearances which they previoufly difplayed. No power 
can give to afhes the phenomena of a burning coal. But 
phofphoric bodies are very different in this refpedt;. for a fhell 
may be made to lofe all its light by expofure to heat, and again 
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may be made as luminous as ever by expofure to the fun. But 
3 0 , It is obfervable, that fome bodies, which are moft beau¬ 
tifully phofphoric, or which, according to Mr. Wilson’s 
theory, are in the beft Hate of flow combuftion ; it is obfervable,, 
I lay, that the fame bodies are the moll obftinate in relifting the 
fire. The diamond, which to be decompofed requires the 
force of a moft powerful furnace, is, according to this 
theory, wafting away, owing to a feparation of parts which 
is promoted by the weakeft influence of the fun’s rays.—With¬ 
out determining whether the preceding objections be valid, let us 
now fee the confequence of admitting the common hypothefis, 
that the detention of thofe rays which fall upon phofphori is 
owing to fome force which prevents their immediate reflection, 
but is not adequate to their entire abforption. This force,, 
whatever It be,, cannot well be fuppofed to operate with equal 
power on all the rays. And if this be not the cafe, I think 
we cannot avoid concluding, that phofphoric Ihells, will afl'ume 
different colours, owing to the earlier and later efcape of the 
different rays of light. This conclufion is juftified by an expe¬ 
riment which I have already appealed to. When the force is 
fiich as to admit of the efcape of the purple, the blue, and the 
green, we have only to leften that force by warming the body, 
and the yellow, the orange, and. red efcape. It is proved by 
Becc aria’s extenfive experience on this. fubjcCl, that there is 
fcarcely any body which is not phofphoric, or which may not 
be made fo by heat. But as the phofphoric force is moft 
powerful when the purple rays only efcape, fo, we are to con- 
elude, that it is weakeft when it is able to retain the red rays only. 
This conclufion is agreeable to feveral faCls., Chalk, oyfter- 
fhelis, together with thole pholphoric bodies, whofe goodnefs. 
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has been very much impaired by long keeping; when 
finely powdered and placed within the circuit of an electrical 
battery, will exhibit by their Scattered particles a fibower 
of light; but thefe particles will appear reddiffi, or their 
phofphoric power will be fufficient only to detain the 
yellow, orange, and red rays. When fpirits of wine are in a 
fimilar manner brought within the circuit of a battery, a 
fimilar effeCt may be difcovered; its particles diverge in feveral 
directions, difplaying a moft beautiful golden appearance. The 
metallic calces are, of all bodies, thofe which are rendered 
phofphoric with the greateft difficulty. But even thefe may 
be fcattered into a Ihower of red luminous particles by the 
cleCtric ftroke. 

Norwich, Oft. 7, 1784. 


POSTSCRIPT by the Rev, Dr. Price. 

BY the phofphoric force mentioned in the lad paragraph of 
this paper, Mr. Morgan appears to mean, not the force with 
which a phofphoric body emits , but the force with which it 
abforbs and retains light. This laft force is proportioned 
to the degree of attraction between the phofphoric body and 
light; and therefore mu ft (as Mr. Morgan obferves') be 
weakef when it emits fo freely the light it has imbibed as not 
to retain thofe rays which adhere to it moft ftrongly. Ac¬ 
cording to Mr. Morgan’s theory, thefe rays are thofe which 
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are lead: refrangible. The obfervations and experiments in 
this paper feem to render this theory probable. It is, how¬ 
ever, an objection to it, that the lefs refrangibility of rays 
feems to imply a lefs force of attraction between them and the 
fubftances which refradt them; but it fhould be confidered, 
that, poffibly, the force of cohefion, which unites the rays 
of light to bodies, may be a different power from that which 
refraCts them. 



